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INTROD UCTION 
The studies conducted by NASA over the past  few yea r s  in connection with 
consti tuents of filament-wound mater ia l s  has  potential application t o  the 
e l ec t r i c  a1 industry.  
Attention is invited t o  the data contained in NASA Contractor  Report  CR-71 
"Structural  Behavior of Composite Mater ia l s ,  " by Stephen W .  T s a i ,  Contract  
Number NAS 7 - 2 1 5 ,  July 1964. This r epor t  is directed t o  an analysis  of the 
relat ionships  between the various ma te r i a l  coefficients of the composite and 
the p a r a m e t e r s  of the constituents. 
filament-wound ma te r i a l s  in a form which pe rmi t s  investigation of s t ruc tu res .  
The  contributions of changes in res in  content and g lass  a r rangements  t o  
ul t imate  proper t ies  a r e  shown. 
This  analysis  makes  available data on 
This  data  provides  a s ta r t ing  point for  the design and development of a l l -  
plast ic  high-voltage t ransmiss ion  towers .  
in the past  by a lack  of suitable design information and by insufficient knowl- 
edge of the contribution of eLch of t h e  consti tuents of a f iberg lass  composi te .  
Such development has  been inhibited 
FILAMENT WINDING OF PLASTIC MATERIALS 
The fabricat ion of plastic mater ia l s  by the technique of fi lament winding 
makes  available s t ruc tu ra l  components with the highest  specific tens i le  and 
compress ive  s t rengths .  
s ion ,  f i lament winding can r e s u l t  in d r a s t i c  weight reductions.  
of moving pa r t s  a f fec ts  machine response,  f i lament  winding can substantially 
reduce  the iner t ia  loads.  
winding costs  a r e  often l e s s  than f o r  equivalent me ta l  components. 
F o r  par t s  where  the loading is in  tension or  c o m p r e s -  
Where ine r t i a  
If the form of the pa r t  i s  re la t ively s imple ,  f i lament  
The  p rocess  of fi lament winding cons is t s  of wrapping r e s i n  impregnated 
reinforcing ma te r i a l s  around a forming mandre l .  
and the mandre l  i s  removed.  
t ion,  since the f ibers  must  remain  in tension and in  contact with the mandre l .  
F i lament  winding provides p a r t s  with exceptional tens i le ,  compress ive ,  and 
f lexura l  p roper t ies ,  but only moderate s h e a r  and bear ing s t rength.  
The r e s i n  i s  cured by hea t ,  
This p rocess  is  l imited to  su r faces  of revolu-  
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NASA SUPPORTED S T U D Y  O F  COMPOSITE MATERIALS 
NASA Contractor  Repor t  CR-7 1, "Structural  Behavior of Composite Ma- 
t e r i a l s ,  I '  provides information and techniques applicable to developing plast ic  
t r a n s m i s s i o n  towers .  
mance  of unidirectional f iber  - re inforced composi tes ,  where in  the f ibe r s  a r e  
aligned para l le l  and packed randomly and of laminated composi tes  consisting 
of unidirectional composi tes  bonded together with the plane of orientation of 
each  layer  at some angle with respec t  t o  the next layer .  
The r epor t  is  concerned with the s t r u c t u r a l  pe r fo r -  
Calculations a r e  made and verified experimental ly  a s  to  the effect on stiff- 
n e s s ,  Poisson ' s  r a t io ,  and modulus of modifying the physical p roper t ies  and 
interrelat ionships  of the f ibers  and m a t r i c e s  compris ing the composite s t r u c -  
t u r e s .  The mos t  common technique for  designing filament-wound par t s  ( i .  e . ,  
nett ing analysis)  is  shown to be inferior to continuum analysis  and design 
equations a r e  generated.  
This  r epor t  provides a s tar t ing point for designing and developing f i lament-  
w olLnd high - volt a ge t r an  s mi  s s i o n  tow e r s . 
3 
PROBLEMS ASSOCIATED WITH CONVENTIONAL 
TRANSMISSION L I N E  TOWERS 
High-voltage power t ransmiss ion  towers  a r e  used in an  e l ec t r i ca l  power 
s y s t e m  to  support  the conductors which del iver  e lec t r ic i ty  f r o m  the genera-  
t o r  t o  the secondary distribution center .  
support  the loads of its own weight,  conductors ,  insu la tors ,  and at tachments  
as wel l  as the t rans ien t  fo rces  caused by ice  loading, wind, line tension, and 
l ine f r ac tu re .  
The towers  mus t  be designed t o  
Transmiss ion  towers  a r e  generally made of s tee l .  These  towers  a r e  the 
s t ronges t  of a l l  commonly used supports for a given weight not only for  the 
horizontal  tensions caused by the conductor cables  but a l so  for  the tors iona l  
f o r c e s  generated by wind loading. Steel  towers  a r e  f r e e  f r o m  injury by f i r e ,  
i n sec t s  , birds  , and lightning. With proper  maintenance they can last a s  long 
as 2 5  y e a r s  o r  more .  
However ,  a t t rac t ive  s t ee l  t ransmiss ion  towers  may  be,  t h e r e  a r e  disad-  
vantages associated with the i r  use .  
i t  is not always possible t o  build a t r ansmiss ion  line along an  existing high- 
way, t ransportat ion of the towers  frequently becomes difficult. The towers  
m u s t  often be c a r r i e d  through rough t e r r a i n s  to  the e rec t ion  s i t e ,  requiring 
s e r v i c e  roads  and heavy equipment. In recent  y e a r s ,  hel icopters  have been 
used  t o  l i f t  tower sect ions into remote  areas. 
bled at the s i te  and erected.  
because of the weight of the  s t e e l  members .  
S tee l  towers  a r e  ex t remely  heavy. Since 
The sect ions a r e  then a s s e m -  
It is necessary  to  p e r f o r m  such lifts in sect ions 
F requen t  maintenance i s  necessary  on s t e e l  towers  t o  control  cor ros ion .  
F o r  p rope r  protection, the s t ee l  should be painted eve ry  2 yea r s .  
painting becomes m o r e  cost ly  a s  the complexity of the  towers  supporting 
and re inforc ing  m e m b e r s  increases .  
This  
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Since the s t ee l  towers  a r e  conductors and well  grounded, the bushings and 
insulators  supporting the conductors must  be designed to  r e s i s t  the line volt- 
age.  
i nc reases  rapidly as  the voltage increases .  
Because of this  requirement ,  t he  cost  and complexity of the insulators  
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APPLICATION O F  GLASS REINFORCED PLASTICS TO TRANSMISSION 
LINE TOWERS 
Power t r ansmiss ion  towers  made by fi lament winding should be invest iga-  
The s t r e s s  members  of the towers  can  be designed t o  be su r faces  of ted.  
revolution and the excellent physical p roper t ies  obtainable a r e  requi red  for  
the s e r v i c e  intended. 
With a knowledgeable design, a tower could be built which provides the s t r u c -  
t u r a l  and insulating function in one homogeneous unit. 
P las t ic  mater ia l s  have excellent d ie lec t r ic  p rope r t i e s .  
A t r ansmiss ion  tower constructed f r o m  glass  re inforced plast ics  would 
el iminate  many of the disadvantages of s t e e l  tower construct ion while re ta in-  
ing many of the advantages.  
P l a s t i c  members  a r e  much lighter than s t e e l  on an  equal weight bas i s .  
Glass  re inforced plastic (filament wound) has  a density of 0.  0 7  lb/cu in. 
compared  t o  0 .  2 8  lb/cu in. fo r  s teel  and a tens i le  s t rength  of 250 ,  000 ps i  
compared  t o  280,  000 ps i  for s teel .  
( s t rength  divided by density) of 3 . 6  x 10 
for  s tee l .  
l e s s  than s t e e l ,  easing the t ransportat ion and erec t ion  problems.  Substan- 
t i a l ly  l ighter  towers  would enable increased  air lifting of towers  and com-  
ponents t o  r e m o t e  a r e a s  and decreased installation cos t s .  
This  r e su l t s  in  a specific tens i le  s t rength 
inches 
6 6 
inches for  plast ic  and 1 x 10 
There fo re ,  plast ic  towers  can  be designed which wil l  weigh much 
P la s t i c  ma te r i a l s  a r e  iner t  t o  cor ros ive  influences and do not r equ i r e  f r e -  
Although sunlight i s  injurious t o  some  poly-  quent painting and maintenance. 
m e r s ,  recent  developments i n  polymer chemis t ry  have made available wea-  
t h e r  r e s i s t an t  p las t ics .  
c 
Another a t t rac t ive  fea ture  of plastic towers  l i e s  i n  the possibil i ty of s i m -  
plifying or  completely eliminating the insu la tors  used t o  support  the conduc- 
t o r s .  
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PROGRAM FOR S T U D Y  AND INVESTIGATION 
O F  APPLICATION PROBLEMS 
By s ta r t ing  with the technology generated by NASA, additional e f for t s  could 
resu l t  i n  a high-voltage t ransmiss ion  tower which would meet  all of the r e -  
qu i rements .  Such a p rogram should be designed on the following fo rma t .  
Tower Design 
The s t ruc tu ra l  e lements  of a tower should be designed specifically for  fil- 
ament  winding. 
t ical .  
wound p a r t s  a s  descr ibed in CR-71 and at tempt  t o  combine functions such  a s  
s t r u c t u r a l  s t rength  and insulation proper t ies .  The insulating proper t ies  of 
the ma te r i a l s  should be utilized to eliminate the necess i ty  for s epa ra t e  in- 
s u l a t o r s ;  however,  environmental  factors  such a s  wind and ice  loading must  
be investigated as wel l  a s  the damping proper t ies  of the composi tes  and the 
e f fec ts  of weather .  
F ibe r  orientation and the geometry of the elements  a r e  c r i -  
The designer  should take advantage of the unique proper t ies  of f i lament 
Economic Evaluation 
When the tower has  been sat isfactor i ly  designed,  an economic analysis  
mus t  be per formed.  
s t r u c t u r e  cos t ,  t ransportat ion cos t s ,  e rec t ion  c o s t s ,  and maintenance cos t s .  
This  ana lys i s  will  prove the economic advisabili ty of continuing the invest i -  
gation. 
F a c t o r s  to  be considered should include m a t e r i a l  cos t ,  
Materials Evaluation 
Some investigation of the mater ia l s  t o  be used is des i rab le .  The compos- 
i t e s  should be analyzed f o r  the i r  reaction t o  voltage s t r e s s e s ,  weather ing,  
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painting, and effects of moisture .  
l i t e ra ture .  
Much of this data can be taken from the 
Model Analysis 
Models of the proposed towers should be examined and analyzed fo r  s t r e s s e s  
and interactions.  
The resu l t s  of this investigation must  be fed back into the preceding three  
analyses  and the n e c e s s a r y  adjustments made .  
Conventional scaling and analysis  techniques can be used. 
Ful l  -Sc ale Evaluation 
When the r e s t  of the p rogram has  been concluded, a full-scale evaluation 
of a prototype should be made.  
unit and placing i t  into serv ice  where i ts  behavior can be studied under s e r -  
vice conditions. 
of professions.  
s igner ,  mathematicians,  mechanical engineers ,  e lec t r ica l  engineers ,  and 
ma te r i a l  engineers.  It is estimated that the t ime required for each of the 
s teps  would he: 
This would consis t  of building a ful l -s ize  
A p r o g r a m  such a s  this would requi re  the skil ls  of a number 
It would be necessary to  uti l ize the skil ls  of s t ruc tu ra l  de- 
Tnwer Design - 4 months 
Economic Evaluation - 2 months 
Mater ia l s  Evaluation - 6 months 
Model Analyses  - 12 months 
Ful l - sca le  Evaluation - 12 months 
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CONCLUSIONS 
This discussion described the opportunity to apply existing data generated 
by NASA to the design and development of a high-voltage t ransmiss ion  tower 
made of filament-wound plastic.  A plastic tower probably cannot compete  in 
cost  with conventional s teel  tower construction, but i t  can compete i f  advan- 
tage is taken of the propert ies  which plast ics  posses s  that a r e  super ior  to the 
meta ls .  F o r  this reason ,  careful  design and economic studies a r e  c r i t i ca l  to 
the success  of the project.  Once feasibility is shown, the engineering detai ls  
a r e  solvable. 
Such a p rogram would resul t  in other des i rab le  effects.  The p r o g r a m  data 
and technology would be direct ly  applicable to low-voltage distribution poles ,  
s t r e e t  lighting s tandards ,  and plastic bushings and insulators .  It would a l so  
be applicable t o  radio,  television, and microwave antenna s t ruc tu res .  
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